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U. Propowd by 0. W. H- BLAOE, A. M., Dtpuimrat of XtthematiM, Wilmington OoBfonnM 
Aeftdtmy, Dortr, Dtlawu*. 

At the President's reception, tlie citizens are admitted at 12:30, but tlie line 
begins to form at 11 In front of the gate. By the time the doors are opened, there 
are in line 5400 people, who have gathered at a rate per second proportional to the 
time after 11. The President is able to receive them at the rate of 45 per second. At 
what time should a person have joined the line to get through with the least delay? 

Soluttong to these problems should be received on or before September 1st. 



MECHANICS. 



Pondnstod by B.F.7IKEMj. Eiddcr, Hiuouri. All Mntribntioiu to tbii daputoMiit ibonld b« Mut to bim. 



SOLUTIONS TO FBOBLEHS. 



7. PropoNl by DaTOLSO^r WOOD, H- A., M. So., 0. E., Profonor of Engineoriag, Stovoiu luii- 
tato of Teobaology, Hobokon. Now Jonoy. 

A hollow sphere filled with frictlonless water rolls down a rough plane whose 
length is I and inclination 6*; when half way down the water suddenly freezes and ad- 
heres to the sphere. Required the time of the decent. 

Solution by J. 0. NAOLE, M. A., 0- E., M- 0. E-, Profouor of OiTil Engissering ud Pbyiios, 
AgrionltnraJ ud Hoobuiotl Oollego, Oollogo Station, Tszas. 

Let the mass of water be m and the sphere a shell without weight. 
Then before freezing of the water the motion 
will be equivalent to simple sliding on a 
rough inclined plane. 

Take origin at C, the point at which 
motion begins and let x be measured along 
the plane. Let/" be the friction acting up 
the plane. The equation of motion for x 

I than ^is: »«^^=»»^ sin ff-f. . . . (1), 




from which, by integration, V^-j-s^ff sin^J—^t. 
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and x=g sin 9t* — J-t*... 



•(3). 



When iK=T> ' ^ ' 
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This value of t in (2) determines the value of v= V at the instant the 
water freezes. 

Now let vf be velocity of center immediately after freezing and oa the 
angular velocity about point of contact, which is the same as if center be re- 
garded as fixed and the sphere revolving about that point. 

Call the radius of gyration of the sphere ^and we have for the effect 

2 
of the impulse, since K*=-:r* for a homogensus sphere: 

' 2 

'in{V—v)r=m.~r*.a>.. ..(4) 



and as the point of contact between sphere and plane has no velocity, 

v'=roo (5). 

From (4) and (5) <w=y^, «'=| V. 

If ^ be the angle through which the sphere has turned a^ter freezing 
of the water, at time t. Then 3;=r^+— . . . . (6). 

The acceleration along plane is given by (1) and for the motion of ro- 
tation we have mK^-^ji- =fr- ■ • • (7). 

d*x d}6 
From (1) and (7) mr-j— +mK''-j-f-=imrg sin (^ (8) 

and from (6) ^^=^'-^^ which in (8) gives 
d^^^ir^^ ^^° ^^7 J? sin ^. . . . (9). 

Then will «=^= jffsinS.... (10) 
and «= "14 if sin Ot*+v't+ C... (11). 

When a;=5^ , ^=Tand therefore C=-^ — rrff sin dT'—v ' T. 
/ 2 14 

5 1 "t 

(11) now becomes a;=—p' sin et*+v't+ ~— ^rg sin OT*—v'T. 

Putting x^l and solving for t=t\t\xe time of decent, gives: 



/ 71 49^' 14^T 

\5(7 sin e ^ 25a* sin* (? ^ 5(7 sin ^ ^ ' 



bg einO \ Sp- sin ^ 25<7* sin» ^ 5^- sin ^ 



